Introduction
Migrant studies are frequently used to examine the role of genetic and environmental factors in disease etiology. Prior studies have shown divergent rates of numerous diseases between immigrant and native-born populations [1] [2] [3] .
Prostate cancer (PCa) incidence and mortality vary widely between populations [4, 5] . Together with results from migrant studies, this suggests that environment, lifestyle, and dietary factors play important roles in PCa risk, in conjunction with diagnostic differences [6] .
High PCa incidence is reported in North America, particularly among African-Americans, whereas rates are relatively low in Asians [7] . Bray et al. reported a fivefold variation in age-adjusted PCa incidence rates between 24 European countries from 2001 to 2005, with the highest rates in Scandinavia [8] . In Sweden, men have a *18 % lifetime risk of a PCa diagnosis and PCa is the leading cause of male cancer death [9] .
In 2008, PCa accounted for *272,223 deaths worldwide, with considerable regional variation [7] . The National Longitudinal Mortality Study demonstrated that the risk of life-threatening PCa also differs by country of origin. Specifically, immigrants to the US had a 33 % lower PCa mortality risk compared with US-born men after demographic adjustments [10] .
Possible explanations include genetic differences and environmental exposures, including divergent dietary patterns. However, striking differences in incidence rates must also be interpreted in the context of diagnostic intensity and screening behavior. Thus, lower PCa incidence among immigrants may reflect lower healthcare access or utilization, particularly PSA testing [11] .
To better elucidate possible underlying mechanisms, we took advantage of detailed clinical information available in a large, nationwide database. To our knowledge, no prior studies in this area have included information on disease aggressiveness. This way, we were able to compare PCa risk by clinical risk category between native-born men and first-generation immigrants in Sweden. We hypothesized that lower PSA-testing rates in foreign-born men would be reflected in lower incidence of localized PCa compared with Swedish men, while advanced disease would be similar or higher in foreign-born compared with Swedishborn men.
Materials and methods
We conducted a register-based study using the Prostate Cancer database Sweden (PCBaSe) version 2.0, as previously described [12] . Briefly, the study population was identified in the National Prostate Cancer Register (NPCR) containing comprehensive information on[96 % of incident PCa cases in Sweden including age, staging, Gleason score, PSA, primary treatment, and details on the evaluation leading to PCa diagnoses [13, 14] . Using the individually unique personal identity number assigned to all Swedish residents, NPCR was linked with numerous other healthcare and demographic nation-wide population-based registries including the population register with country of origin and date of immigration, the National Patient Register with inpatient care, and the LISA database with occupation, income, education and marital status, etc.
In PCBaSe, for all men with PCa registered between 1991 and 1995, we selected two PCa-free men from the same county and birth year; for those registered between 1996 and 2008, we selected five PCa-free men from the same county and birth year. Thus, for each PCa case, PCBaSe 2.0 contains two or five matched men without PCa as a comparison cohort.
From PCBaSe, we identified 117,328 men with PCa diagnosed between 1991 and 2008 of which 8,332 were foreign born. As described above, for each case, 2-5 controls were randomly selected from the Swedish population register, living in the same county and born the same year as the case, but free from PCa diagnosis at the end of the year that the index case was diagnosed. Approximately 10-15 % of the Swedish population is comprised of first-generation immigrants, such that they are represented in the background population sample.
Using data from the National Patient Register [15], we calculated the Charlson comorbidity index (CCI) [16, 17] . Immigrants were also evaluated based upon age at immigration and duration of residence in Sweden. Categories were chosen based on prior studies, and because diagnoses during the first few years upon arrival may represent prevalent cases [18] .
To examine for incidence differences by risk category, PCa cases were further classified into five risk groups, based upon a modification of the NCCN guidelines: (1) low risk (clinical stage T1-2, Gleason score B6, and PSA \10 ng/ mL), (2) intermediate risk (T1-2, Gleason 7 and/or PSA 10-20), (3) high risk (T3 and/or Gleason 8-10 and/or PSA 20-50), (4) T4 and/or regionally metastatic disease (N1 and/ or PSA 50-100 ng/mL without distant metastases), and (5) distant metastases (M1 and/or PSA C100) [19] .
Statistical methods
Conditional logistic regression was used to compare PCa risk overall and in the 5-risk categories based upon birthplace. Simulations were used to estimate the possible influence of over-coverage of immigrants in the population register due to non-notification of return to countries of birth. Separate analyses were performed to examine for differences by age at immigration and duration of residence in Sweden. Finally, we assessed possible differences in the method of diagnosis (PSA testing of asymptomatic men versus evaluation of symptoms) between Swedish and foreign-born PCa cases. Multivariable adjustment for socioeconomic, education, comorbidities, and marital status was performed for all subjects with covariate data available. Statistical analyses were performed using R. The study was approved by the Research Ethics Board of Umeå University Hospital.
Results
The study population included 108,996 Swedish cases, 505,561 Swedish controls, 8,332 immigrant cases, and 57,083 immigrant controls. Median age was 72 and 68 years for Swedish and foreign-born men, respectively. Other Nordic countries contributed the largest immigrant group, followed by Western Europe. Foreign-born men resided in Sweden for a median of 38 years (range, 11-53). Table 1 shows the demographics in Swedish-born and foreign-born cases and matched controls. All comparisons were statistically significant between cases and controls, and between Swedish-born versus immigrant men (p \ 0.001).
Among PCa cases, 22.5, 22.7, 25.7, 8.8, and 17.4 % were classified as low risk, intermediate risk, high risk, regionally metastatic, and distant metastatic at diagnosis (Table 2) . Three thousand four hundred and fifty (2.9 %) patients could not be classified into clinical risk categories due to missing data. Figure 1a shows unadjusted PCa risk in foreign-born men by region of birth compared with Swedish men. Odds ratios of PCa were 0.96 (95% CI = 0.84-1.10) for immigrants from North America and 0.92 (95% CI = 0.85-1.00) for men from Northern Europe, as compared with native-born Swedish men. By contrast, Middle Eastern (overall OR 0.47, 95% CI 0.42-0.52), Southern European (OR 0.48, 95% CI 0.45-0.52), and Asian (OR 0.53, 95% CI 0.48-0.59) men had significantly lower PCa risk compared with native Swedes. These risk estimates remained virtually unchanged following adjustment for marital status, education, comorbidity, and socioeconomic status (Fig. 1a) .
By clinical risk category, all immigrant groups had lower risks of low risk, intermediate risk, high risk, regionally metastatic, and distant metastatic disease compared with Swedish men, with the exception of immigrants from North America and Northern Europe (Fig. 1b) . For example, Middle Eastern men had a significantly lower risk of both localized low-risk PCa (OR 0.40, 95% CI 0.32-0.49) and distant metastatic disease (OR 0.38 95% CI 0.26-0.56) compared with native-born Swedish men. We also looked specifically at PCa risk in immigrants from each Nordic country compared with native-born Swedes with generally similar results: Denmark (OR 0.80, 95% CI 0.75-0.86), Finland (OR 0.81, 95% CI 0.78-0.84), and Norway (OR 0.89, 95% CI 0.83-0.96). This did not reach statistical significance for immigrants from Iceland (OR 0.77, 95% CI 0.49-1.21), although possibly due to small sample size (n = 19).
Older age at immigration and short time since arrival to Sweden were significantly associated with lower PCa risk ( Table 3 ). Despite regional differences in average age at immigration, these findings were consistent across immigrant groups within each region (Table 4) .
Finally, compared with native Swedes, foreign-born men (including other Nordic countries) were significantly less likely to be diagnosed through PSA testing as part of an asymptomatic checkup (Table 5 ). For example, Middle Eastern men had a 74 % lower risk of diagnosis through PSA testing (OR 0.26; 95% CI 0.20-0.35). The frequency of lower urinary tract symptoms leading to PCa diagnosis was also significantly lower in these groups.
Discussion
To our knowledge, this is the first study to compare clinical features of PCa and diagnostic modalities in immigrants compared with a native-born population. In the current nation-wide population-based study, we found significantly lower overall PCa risk in all immigrant groups in Sweden (other Nordic countries, Southern, Eastern and Western Europe, Central and South America, Africa, and Asia) compared with native-born men, except those from North America and Northern Europe. While the likelihood of being diagnosed through PSA testing was significantly lower among foreign born compared with native Swedes, foreign-born men had lower PCa risk across all five clinical risk categories (ranging from localized low risk to metastatic PCa). Similar to findings in prior studies, [18] stratified analyses found evidence that younger age at immigration, and increasing time since arrival, were associated with higher PCa risk.
Our initial hypothesis was that a lower uptake of PSA testing and subsequent lower frequency of work up among asymptomatic immigrant men would result in a lower risk of localized PCa, which was supported by our findings of less PSA testing and low-risk PCa among immigrants. However, we also observed a lower risk of advanced and metastatic PCa among immigrants compared with nativeborn Swedish men, suggesting that disparities in screening
and diagnostic testing could only partly explain the observed trends. This finding was further supported by virtually no change in the results following multivariable adjustment for socioeconomic factors and comorbidities. Our findings corroborate results from prior studies that have examined PCa incidence among men emigrating from low to high-risk regions, such as Asian immigrants to the US compared with those living in Asia. Shimizu et al. [20] reported age-adjusted annual PCa incidence rates of 8.4/ 100,000 in Japan, versus 32.2/100,000 for Japanese immigrants in California. Also, PCa incidence rates are lower in Asian-Americans compared with other US ethnic groups [21] . The estimated age-specific PCa incidence rate was 14.3/100,000 among the Hmong (Southeast Asian) population in California, versus 148.8/100,000 for nonHispanic Whites residing in the same area [11] . Similarly, a lower PCa incidence has previously been reported in foreign-born compared with native-born Swedish men, although these studies did not include data about disease aggressiveness or means of diagnosis [2, 18, 22] . Hemminki et al. [2] found that immigrants had a lower incidence of all cancers (standardized incidence rate (SIR) 0.95, 95% CI 0.94-0.97) and PCa (SIR 0.75, 95% CI 0.72-0.78) compared with men born in Sweden. This database used only included foreign-born men fathering children in Sweden, and therefore, subjects were young at the time of immigration (median age 24 years).
Beiki et al. [18] evaluated PCa risk in 3,385,160 Swedish-born men versus 372,663 immigrants. Overall, they found nearly a 40 % lower risk of PCa in foreign-born men (OR 0.62, 95% CI 0.61-0.63). After stratification for Overall, Sweden has undergone dramatic demographic transitions in recent decades. Low birth rates and increased longevity have resulted in an aging population, and large immigration has increased ethnic diversity substantially. In 2005, Sweden reported more immigrants per capita than the US, including a large immigrant population from the Middle East. Accordingly, the present study provides a timely opportunity to improve the understanding of differences in PCa risk and diagnosis in this growing population. Nevertheless, our findings should be confirmed in other contemporary populations globally, including those with different healthcare systems.
To our knowledge, our study is the first to examine tumor characteristics and relationship to PSA testing of asymptomatic men, which are both strongly related to overall PCa incidence, in an immigrant compared with a native-born population. Additional strengths of our study included the use of population-based data with high completeness. Through record linkage to other nation-wide population-based registries, we had data on socioeconomic factors (e.g., education and marital status) and comorbidity scores. Furthermore, five controls were available from the general Swedish male population matched for birth year and county of residence, for whom data on covariates of interest were also available.
Limitations of our study included missing grade or stage for a minority of men, precluding risk classification. Data on birthplace or date of immigration to Sweden were also unavailable for a small proportion of foreign-born men. There was also a disparity between nationalities in average age at immigration, and there may be other unmeasured differences between immigrants and native-born Swedish men. However, analyses stratified by region and multivariable adjustment for comorbidities and socioeconomic variables did not materially change the results. Finally, since all immigrants may not report if they return to their country of birth, there may be over-coverage of immigrants recorded as residing in Sweden in the population register. The exact extent of this misclassification is unknown, but has been estimated to be 1 and 2.8 % for Nordic and other immigrants [23] . Nevertheless, in simulated scenarios of over-coverage of 1, 2.8, and 8 %, risk estimates remained virtually unchanged (data not shown).
The current dataset did not allow a comparison of specific genetic or lifestyle factors between men from different geographic regions. Recent technological advances have facilitated the identification of genetic variants which influence PCa risk [24] . Multiple environmental factors have also been suggested to possibly be associated with PCa risk [25] [26] [27] . For example, observational data suggest a role for intake of calcium, dairy products, and charred meat in the etiology and/or progression of PCa. It is possible that generally lower consumption of these foods in the Asian diet might be associated with the lower overall PCa risk compared with the US and Scandinavia. Of additional interest is the possible role of sunlight and vitamin D. Prior studies have shown an inverse relationship between geographic UV exposure and PCa mortality [28] , such that this might also help explain our observation of lower PCa risk among men born in southern regions (e.g., Southern Europe, Asia, Africa, Central, and South America), and the findings of increased risk with longer duration of residence in Sweden. Because it was not possible to test these hypotheses directly in the current population, further study is necessary to define the relative contribution of genetic factors and environmental exposures on PCa risk and progression. 
